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SPECIFICATION 

1. Title of the Invention 

Semiconductor Device 

2. Scope of Claims 

1. A semiconductor device in which a first electrode comprising a 
substrate or a conductive layer on said substrate, one conductive type of a first 
non-single crystal semiconductor layer formed on said electrode, a second and a 
third non-single crystal semiconductor layer having a lower impurity density than 
said semiconductor layer and a fourth semiconductor layer having a conductivity 
type opposite to the counterpart of the first semiconductor layer are laminated and 
formed, a semiconductor device characterized by comprising said second 
semiconductor layer and said third semiconductor layer, said second and third 
semiconductor layers being provided with a IP-junction, a IN-junction and a P N - 
junction. 

2. A semiconductor device according to claim 1 wherein said photo- 
electric converter is provided with either a PIN N juncUon and a NIP P-junction 
from the light irradiation surface side. 

3. A semiconductor device according to claim 1 wherein either a P type 



semiconductor or an N-type semiconductor has a P-type conductivity or an N type 
impurity density of 7 x 1016 to 1 x iQiScm'S while an I-type semiconductor has 
an impurity density of 5 x 10i6cm-3. 

4. A semiconductor device according to claim 1 wherein said I-type 
semiconductor layer has a thickness of 100 to 2000 A while said P-type or said 
N-type semiconductor layer has a thickness of 0.6 to 0.1 A. 

3. Detailed Description of the Invention 

The present invention relates to a semiconductor device using a non-single 
crystal semiconductor, and more particularly to a semiconductor device having an 
IP-junction, an IN-junction and a P N-junction by laminating so-called 
substantially intrinsic semiconductor layer (hereinafter simply referred to as an I- 
layer or an intrinsic semiconductor layer) intrinsically or artificially free from 
laminate doping of a P-type or an N type impurity and a P-type or an N-type 
semiconductor layer, the semiconductor device having a semiconductor layer for 
generating photo-electromotive force (hereinafter simply referred to as an active 
semiconductor layer) for generating electron-hole pair by light irradiation. 

An object of the present invention is to provide an photo electric converter 
providing a PINN-junction and NIPP-junction from the side of light irradiation 
surface to substantially lengthen a life time of a few carriers in an active 
semiconductor layer and to finally output a large amount of current 

The present invention relates to a method for fabricating a semiconductor 
device characterized by: 

connecting and providing four reaction chambers for laminating a first, a 
second, a third and a fourth non-crystal semiconductor layers to form a PINN- 



junction and a NlPP junction in place of fabricating these semiconductor layers in 
the same reaction chamber; 

forming a first semiconductor layer; 

subsequently forming a second semiconductor layer on said first semiconductor 
layer without exposing to the atmosphere the substrate having a formed surface on 
an adjacent reaction chamber by repeating the aforementioned step; 

forming a third semiconductor layer on the second semiconductor layer by 
repeating the aforementioned step; and 

forming a fourth semiconductor layer on the third semiconductor layer by 

> 

repeating the aforementioned step. 

The present invention relates to a method for forming a semiconductor 
device by connecting the four reaction chambers. The present invention is intended 
to remove adhesives such as moisture, air or the like on the first semiconductor 
layer prior to the formation of the first semiconductor layer, and to provide a 
first preparatory chamber for shielding the atmosphere to prevent the 
contamination of the atmosphere (air. particularly oxygen and water) and a second 
preparatory chamber for preparatory heating, the second preparatory chamber 
being intended to remove adhesives on the substrate. 

Heretofore, with the photo-electric converter having a PIN-junction formed by 
the laminating process using the plasma CVD. in particular, the glow discharge 
process, there are known patent applicaUons entitled "Semiconductor Device for 
Generating Photo-electromotive Force" Japanese Unexamined Patent Application 
No. HEI 51-890 and Japanese Unexamined Patent Application No. SHO 49-71739 
filed on June 20. 1974) filed by the applicant of the present invention. Further, a 
patent applicaUon enUUed "Semiconductor Device" Japanese Unexamined Patent 



Application No. SHO 52-16990) is also known. However, the aforementioned 
patent applications do not disclose at all the detailed items of an Mayer as an 
intrinsic semiconductor layer in these semiconductor device while indicating that 
the Mayer is a low impurity density layer compared with a P-type or an N-type 
semiconductor layer sandwiching the Mayer. 

The present invention is concerned with an photo-electric converter fabricated 
by laminating semiconductor layers on the formed surface, characterized in that 
the inside of the photo-electric converter is formed by laminating at respective 
reaction chamber an I-type semiconductor layer having an impurity density of only 
5 X 10i6cm-3 or less, and a P-type or an N-type semiconductor layer doped with 
an impurity having a density of 7 x 1016 to 1 x 10l8cm-3 so that respective 
impurities do not contaminate as a result of further investigation of the active 
semiconductor layer. As a consequence, the present invention is characterized in 
that this active semiconductor layer is opposed to an electron or a hole in a 
laminating manner. At the same time, the present invention is characterized in 
that a few carriers out of carriers generated by the light irradiation is likely to be 
drifted to the electrode, and the life time of carriers is prolonged. 

Further, the present invention is characterized in that the first and the second 
preparatory chambers are provided to remove oxygen doped in the semiconductor 
so that the density of the oxygen is set to 1/3 of the conventionally known density 
of 1 to 20 X lOncm-3 or less, and more preferably 1/10 to 1/50 thereof with 
result that a silicon oxide insulating component is removed, and the life time of 
carriers as the semiconductor is prolonged. 

Further, a method for laminaUng independently each of semiconductor 
lavers is described in a patent applicaUon entitled "Semiconductor Device" 



aapanese Unexamined Patent Application No. SHO 53-152887 filed on December 
10. 1958) and a divisional application thereof entitled "A Method for Fabricating ■ 
a Semiconductor Device" (Japanese Unexamined Patent Application No. SHO 56- 
55607 filed on April 15. 1981) both of which are filed by the applicant of the 
present invention. Although these patent applications describe an independent 
connecting mode plasma CVD. they do not describe that the active semiconductor 
layer is further divided into a plurality of layers to form an IP-junction and an 
IN-junction. or further developed IP P- junction, or a PIN N junction. The present 
invention provides a further development thereof and is characterized in that the 
conversion efficiency as the photo-electric converter is further improved by 4 to 
6% from the conventional 6 to 8%/cm2 to be set to 10 to 14%/cm2 (an intrinsic 
conversion efficiency of 5 cm2 at the illumination light having an AMI of 100 
mV/cm2). 

In an photo electric converter of the present invention, either the P type or the 
N-type semiconductor layer, particularly either the P type or the N-type 
semiconductor layer on the incident light side is formed into a wide energy band 
compared with the active semiconductor layer thereby preventing an increase in 
the loss of absorbed illumination light at the semiconductor layer. 

As a semiconductor device in which this energy band is continuously joined and 
a window structure is provided with respect to either the P type or the N-type 
semiconductor layer, a patent application entitled "A Semiconductor Device" filed 
by the applicant of the present invention (US Patent No. 4.239.554 published on 
December 6. 1980 and US Patent No. 4.254.429 published on March 3. 1981) is 
known. The present invenUon is a further development of the application of the 
invention filed by the applicant of the present invention. 



The present invention provides an unpaired bond neutralization effect by 
allowing such a semiconductor layer to contain hydrogen or a halogen element 
such as fluorine, chlorine or the like for recombination center neutralization at a 
density of 0.1 to 20 mole% and alkaline metal element such as lithium or the like 
at a density of 1015 to lOncm-3. At the same time, the present invention is made 
of a laminating structure in which a semi-amorphous (half non-crystal) 
semiconductor (hereinafter referred to as a SAS) having a crystallinity (short 
range order crystallinity) with a size of 5 to 2000 A typically 5 to 100 A and 
an amorphous (non-crystal) semiconductor (hereinafter referred to as an AS) 
having no such short range order crystallinity are laminated in layers. 

In accordance with the present invention, the N-type semiconductor layer on the 
light illumination side in the photo electric converter is formed as SAS to reduce 
the absorption of the incident light, and further an intrinsic semiconductor 
adjacent to the aforementioned semiconductor layer is formed as an SAS. Then, the 
life time of the carriers on the incident light side is prolonged, and an intrinsic 
semiconductor layer in which AS or SA is contaminated in a step-like or a 
continuous manner is laminated, and an inside electric field is spontaneously 
provided to further the improvement of the photo electric conversion efficiency. 

With respect to the SAS. Japanese Unexamined Patent Application No. SHO 55- 
026388 filed on March 3. 1980 (semi-amorphous semiconductor) filed by the 
applicant of the present invention is known. Further, as an invention in which this 
SAS is used to provide a PIN-junction photo-electric converter. Japanese 
Unexamined Patent Application No. SHO 56 008699 filed on January 22. 1981 
(photo-electric converter) is known. 

The present invention will be explained hereinafter in conjuncUon with the 



drawings. 

Fig. 1 shows an outline of a plasma CVD system required for the practice of 

the present invention. 

In other words, a substrate (1) is in parallel with the flow of a reactive gas 
flowing from the upward direction to the downward direction in reaction furnaces 
(25) through (28) in which an insulating holder, for example, a quartz holder 
(board) (2) is held, and the substrate (1) is placed in a parallel direction with 
respect to the discharge of the electrode with respect to a high frequency energy 
(4). Regarding the reactive gas. a silicon gas (SixH^ x ^1) is supplied from (5). 
(9). (13) and (17). diboran (B1H4) which is a P-type impurity is supplied from (6). 
phosphine (PH4) which is an N-type impurity is supplied from (18). hydrogen or 
helium (He) which is a carrier gas is supplied from (8). (U). (16) and (20). 
Further, a dopant having a wide energy band, for example, methane (CH4) is 
supplied from (7) and (19). Diboran which is diluted with 10 to 100 PPM with 
silane is supplied from (10) and (14). Further, in the same manner, phosphine 
which is diluted to 10 to 100 PPM with silane is supplied from (11) and (15). 

These gases are supplied from a discharge port to the reaction chamber of the 
reactive gases and electrodes (51). (52) and (53) for the plasma generation to 
reaction chambers (25). (26). (27) and (28). When these reactive gases are 
discharged to the reaction chambers, electro magnetic energy is applied to activate 
and dissolve these gases with the result that reaction products are accumulated on 
the formed surface. In this reaction chamber, electro magnetic energy such as 
direct current of up to 20 MHz. for example direct current having a frequency of 
500 KHz. and 13.56 MHz is added to the electrodes (2) and (3). Further, the 



7 



substrate (1) having a formed surface is heated to 100 to SOOt:. typically to 200 
to 300t: with an infrared ray furnace (4) so that a large number of substrates can 
be treated. 

In the beginning, the substrate (1) is placed in a preparatory chamber (23). 
and the preparatory chamber (23) is evacuated with a rotary pump (30). To set the 
pressure in the preparatory chamber (23) to the atmospheric pressure, nitrogen is 
introduced from (21). After the preparatory chamber was evacuated, the substrate 
(1) is moved to the third preparatory chamber provided adjacent to the first 
preparatory chamber and heated to 200 to 400^ with a infrared ray lamp by 
opening the gate (56). After the substrate (1) is moved to the third preparatory 
chamber, the gate (56) is closed again. After the pressure in the first preparatory 
chamber is set to the atmospheric pressure by introducing nitrogen from (21). 
another substrate is introduced. By the repetition of the aforementioned 
operations, the substrate in the first preparatory chamber is moved and introduced 
into the second preparatory chamber while the substrate in the substrate (1) in the 
second preparatory chamber (24) is moved and introduced into the first reaction 
chamber (23). Further, the removal of the absorbed oxygen and water by 
evacuation and heating after removal of the air by the evacuation in the first 
preparatory chamber enables to lower the density of oxygen in the semiconductor 
layer further to 1/3 of the conventionally known level of 1 to 3 x 1018 cm 3 or 
less, typically even to 1 x 10i7cm-3 to 5 x 10i5 which is 1/10 or 1/30 of the 
conventional level. 

Needless to say. an attempt is made to secure the vacuum leak from the outside 
in each reaction chamber to 
10-3 torr or less. 



As described above, a SixOi-x film (0 < x < 1) having a P-type is formed to a 
thickness of 200 A or less, typically 30 to 160 A followed by evacuating the 
first and the second reaction chamber to move the substrate having a formed 
surface to the second reaction chamber. The substrate placed in the second reaction 
chamber (26) is moved to the third reaction chamber (27). the substrate placed in 
the third reaction chamber (27) is moved to the fourth reaction chamber (28). the 
substrate placed in the fourth reaction chamber (28) is moved to the third 
preparatory chamber (29). and the substrate placed in the third preparatory 
chamber is taken out from another gate (57) to the outside after the gate (56) is 
completely closed. 

Fig. 2(A) shows a vertical cross sectional view of the second reaction chamber 
(26). After the P type first semiconductor layer (44) is formed, an I-type second 
semiconductor layer (45) is formed to a thickness of 100 to 2000 A. typically to 
a thickness of 200 to 500 A When this I-type layer forms the second 
semiconductor layer, an impurity for forming the first semiconductor layer 
contaminates into the Mayer to a depth of 50 to 100 A the second semiconductor 
layer is formed to a thickness of 100 Aor thicker. An effort has been made so 
that the P-type impurity and the N-type impurity does not direcUy contaminate 
with each other at a density of 5 X 1016 cm-3 or more. 

This I-type semiconductor layer is extremely important for forming a depletion 
layer and for promoting the movement of carriers to the electrode by a drift. 

Further, after the above-mentioned operation, in the third reaction chamber 
(27). the N-type third semiconductor layer (46) shown in Fig. 2(A) is formed to a 
thickness of 0.1 to 0.6 t. Further, in the fourth reaction chamber (28). tiie N-type 
fourth semiconductor layer (47) is formed to a tiiickness of 100 to 500 A This 



. r J o c:ivr>. m < X ^ 1) in which this Eg 
semiconductor layer is also formed into a SixOi-, (U x _ ) 

is set to 1.8 to 2.5 eV to provide the BSF (depletion layer electric field in the 
reverse direction) to a few carriers. Further, in the Mayer (45) and the N-layer 
(46). the aforementioned amorphous silicon is used to set to 1.5 to 1.8 eV. 

After four semiconductor layers are formed as described above, an organic resin 
niold (49) such as epoxy. polyamide or the like coats the semiconductor layers to a 
thickness of 100 to 500 A for the electrode (48) and for the improvement of the 
moisture resistance. 

Referring to Fig. 2(A). as the substrate, a light transmitting substrate (40). tor 
example, a glass or polyamide resin is used. Al or Cu is provided on a typical 
substrate or a bulk thereof doped with Ni having a depth of 5 to 20;- . or No 
added with B or P to provide an embedded electrode (41). Further, on the upper 
surface, a transparent conductive film (43) may be a two-layer film formed by 
laminating ITO (indium oxide + 3 to 10% of tin oxide) with tin oxide, antimmon 

oxide or a mixture thereof. 

This transparent conducUve film is formed to a thickness of 50 to 200 A in 
such a manner that when the semiconductor conucting the transparent conductive 
film is a P type semiconductor as seen in this embodiment, the transparent 
coaducUve film contacts an a.Ummon oxide (Sb,0. or Sb,0^) which is a V value 
transparent conducUve film, and the .TO is provided on the base of this conduct.ve 
„,m .0 as to improve the conductivity of this conductive film, which contr.bute to 
U,e improvement of the conversion efficiency of the photo electric converter, and 
particularly to an increase in current Then, when the ITO is allowed to conuct 
U,e P type semiconductor, the current which was on the order .( 5 to 10 mA can 
be largely increased to 13 to 20 nA/cm2. As a consequence, antimmon becomes a 
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recombination center of a hole in the P type semiconductor with the result that a' 
electric series resistance at this interface can be lowered. 

The energy band width corresponding to Fig. 2(A) obtained in the 
aforementioned manner is provided by adding corresponding reference numerals in 
Fig. 2(B). 

As apparent from the drawings, the active semiconductor layers (41) through 
(46) can efficiently supply holes which are a few carriers in this case to the P-type 
semiconductor layer (44) with a high potential difference between (44) and (46). In 
particular, to provide a spread of the depletion layer at an intrinsic semiconductor 
layer (48) located in the vicinity of the illumination light and a high electric field 
strength, an N-type semiconductor layer (46) is provided so that the carrier 
generated by the light irradiation at the semiconductor layer (46) provides a drift 
of few carriers to the P-type semiconductor layer including an aid of BSF effect. 
As a consequence, although only an efficiency of 5 to 7% /cm2 can be obtained in 
the conventionally known PIN semiconductor. 10 to 12% higher conversion 
efficiency can be obtained with an AMI by adopting a PIN N-j unction structure. 
Further, with a large substrate having an area of 10 cm2. 7 to 10% practical 
conversion efficiency can be obtained at an open voltage of 0.9 to 0.95 V and a 
short circuit current of 16 to 20 mA including the aid of the auxiliary electrode 
(41). 

Fig. 3 shows an example in which the substrate (40) is made conductive and is 
formed of. for example, stainless steel. In the same manner as Fig. 2(A). on the 
upper surface of the substrate, the first semiconductor layer, the second 
semiconductor layer, the third semiconductor layer and the fourth semiconductor 
layer are provided in such a manner that the semiconductor layers and the P type 
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semiconductor layers (44). (45). (46) and (47) are laminated on each other. The 
semiconductor layers are provided with the ITO transparent conductive film (45). . 
an auxiliary electrode (41) and the resin mold (49). 

The corresponding energy band view taken along line A-A' is shown in Fig. 
3(B). It is different from the case shown in Fig. 2(A). Due to light irradiation 
from the upward direction, the N-type semiconductor layer (47). the I-type 
semiconductor layer (46) and the P-type semiconductor layer (44) are provided. In 
such a case, at the time of the formation of the film, the P-type semiconductor 
layer has an extremely low impurity density of 5 x IQie to 1 x 10i9cm-3 so that 
it is impossible to form 5 to 10 PPM (hydrogen dilution) due to the reaction 
between diboran and bomb in the bomb. Consequently, the present invention is 
further characterized by using bomb in which 10 to 100 PPM of diboran is doped 
in silane. In this manner, the P-type semiconductor layer (45) with controllability 
can be prepared. Here, the contamination of the P type impurity by automatic 
doping from the first semiconductor layer is inhibited. Consequently, in 
accordance with the present invention, as shown in Fig. 1. the first reaction 
chamber (25) for the P-type semiconductor layer and the second reaction chamber 
for the P-type semiconductor layer are made independent In particular, when 
carbon is doped into the P-type semiconductor layer (44). it is extremely important 
that the carbon partially (locally) contaminates the P-type second semiconductor 
layer, thereby preventing the electric conductivity. Consequently, the second 
semiconductor layer (45) comprises a primary component such as germanium or a 
mixture thereof. Then an attempt is made to prevent as much as possible the 
contamination of either carbon, oxygen or nitrogen into the semiconductor layer at 
a density of 3 x 1019cm 3 or more which worsens the electric recombination 
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degree. 

Thus, in tKe case as shown in Fig. 3{B). the conversion efficiency of more than . 
10% can be obtained in the same manner as shown in Fig. 2. 
Other methods for fabricating the semiconductor are the same as described with 

respect to Figs. 1 and 2. 

In the above description, the semiconductor layer incorporates one FIN N 
junction or one NIP P junction. However, the above process is further repeated to 
continuously connect to a PIN NPIN N junction or a PIN NPIN junction from the 
side of the light irradiation surface so that the front IN- active layer is set to 1.6 
to 1.8 eV with the amorphous Bi while the rear side is set to 1.0 to 1.6 eV with 
SixOi-x (0 ^ X ^ 1) to attempt to increase an open voltage. Further, the same 
thing holds true of the case in which the NIP P junction, the NIP PNIP P junction, 
or the NIP PNIP junction is adopted with respect to NIP P junction. 

As apparent from the above explanation, in accordance with the present 
invention, the semiconductor layer is formed of IN junction. IP junction, the N P - 
P- junction, the P N -N- junction, the IP P" junction, or the NIP PNIP junction so 
that the semiconductor layer has a lower impurity density than a P-type or an N- 
type semiconductor layer in the prior art Additionally, when the semiconductor 
layer is formed of IN junction, the density of oxygen, carbon and nitorogen is set 
to 3 X 1017cm or less of a measurment by IMA. Further, the contamination of II 
value impurity and V value impurity are avoided. Additionally, the life time of a 
few carriers is prolonged by providing either P* or N- type. Further, all of I type. 
P+ type and N type are independentiy formed in the reaction chamber with the 
result that a large area type photo-electric converter can be fabricated having a 
high conversion efficiency of more than 10%. In this respect, it is believed that Uie 
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industrial value of the photo-electric converter of the present invention is not 
small. 

4. Brief Description of the Drawings 

Fig. 1 shows an outline of a fabrication of a semiconductor device used in the 

present invention. 

Figs. 2(A) and 3 (A) show vertical cross sectional views of the photo-electric 
converter of the present invention. 

Figs. 2(B) and 3(B) show energy band views corresponding to Figs. 2(A) and 

3(A). 

Patent Applicant: 

SEMICONDUCTOR ENERGY LABORATORY CO.. LTD. 
Representative: Shunpei Yamazaki 
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(45):JS 100~2000A 

SX10"eni-fel±O«Kt:iS«.*C«* ^'^'^ ' 
» » /to 

ft ft S*i/fcl6»C*fc»-C««-^**'' 



♦CrHfiO»*0*l*»*»C*'^* 100~500A o 
J6> t O Bg t l. 8-2. 5»T i SixO'-- 

(o<x<i) t U A:o -i A I «(4iOx H*«(i«tt tt E 
«(48) t-t ywaittHoio**^ x^ + v, * 

H i ymc^mmB*-" ►■(4s!) t loo-soo 

«««-i*ttt+©'*-^^K Ai. o**R»tb*v» 
k a »! <r »♦ <• L -C ft o t O a P * « 



50-aooA o » « K * n tc » ^ * * < »^ l-"" 
x3-ao.A/c.'ttb«-C*t<^«^«» 
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■ * (4j) ~ (48) tt c o *a ^ o ^ l^k^ y T T * * * — 
t p s ^ a» * a (lA^K") M o s v» « ffi s 

i,;4»i§ t,n4 :4»t3yfc * oi«^ piMHsmai-f 
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P(44)tUXV%io co«*P"tt*ott«»«o 
B-t0^i«*jiK:*« 8X1 0~1X1 0*0 mt 6 b » "C 

9 >' i|> K io~iooppii 0 4>iK9 y4SSBbA'»< 

u t M»e**-f a * ^ 

tfefco tOfK»l oi<ii»<*(44) t D - h 
Y—yi-yirfK. xiPS^«*o«At»±'^"* 

itii»*Hi(44)fflcfii loRJsawt p'a***» 



r * /k o 



K n Ux HIPPHIP'P HIP'PMIP t U 

yt « * * Hflt -c » So 

T tt « tt if s» » t iiri?TurinrrF*ir 
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